
terecl near t.he northwest, nort>heast, southeast, and 
soutliwcsts corners of the State. It will be seen that the 
inovemciita of a storni tq)prosiniately along the northern 
border seldoni produces precipitation over the “dry 
belt,” whilc. those that move dong the southern border 
seldom fail to proilucc precipitation over the same area. 

Of 16 LOWW t,hat crossed the 105th meridian south of 
latitude 3 5 O ,  14 or SS per cent produced precipitation 
over this region, while of 31 LOWS that crossed t.hc 105th 
meridia.il between Intituiles 3 . 5 O  and 40°, only 3 or 14 per 
cent, produced prec.ipit.ation over the ‘i dry belt.” 

The late wint,er and early spring of 1913 furnished an 
unusunlly large number of the latter type of LOWS, there 
being no less t,lian 10 of t.limi within a three-months’ 
period, all of which failecl to cause precipitation over the 
region under discussion. 

A s  illustrations, attention is invittld to the weather 
maps of the following dates in the year 1912: Fobruary 
20 and 31-35, Miwch 3-5, 10-13, 13-14. and 30-24, April 
19-80 and 27-28, ancl May 10-11. Tho storms of these 
dates caused general precipitation over their southoust 
and southwest, but missed t.ho southern portion of tho 
east mountnin slope altogotflier. 

One of theso, tlie storni of March 11-13, is reproduced in 
connection with this cliscussion (fig. 6). It shows clearly 
this peculiarity in tho precipitation area. h similar con- 
dition is illustratecl in the combined maps of February 
12-13, 1915 (fig. 7). With both of these storms the dry 
area estended northward into Colora.clo, but it was 
usually tlie cnse aniong the numerous types studied, that 
the dry arm wns sciniew-hat more limited than this. The 
coniposite maps of the storms moving north of parallel 35 
illustrnte fairly wall tho avcra.ge frccpeiicy of precipita- 
tion over this area ant1 ovcr the contiguous regions to 
the east, north, and west. 

The combinecl maps of February 34-25, 1913 (fig. S), 
give an esaniple of n LOW being forced southeastward 
across New Mesico by incoming high pressuro over the 
north, and producing general precipitation over the “ dry 
belt,?’ which would not have occurred had the LOW movod 
noriiinlly eastward. Comparo tlin first position of t.his 
LOW (black of fig. Y) wit,li the coniposite map of LOWS in 
that position (fig. 3); also with the LOWS of March 11, 
1912 (black of fig. 6), and February 13, 1915 (black of 

1910 .......... 
1011 ......_.__ 
1912 .......... 
1913 .......... 
1911 .......... 
1915 .... ...... 
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Means ........ 
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FOG IN RELATION TO WIND DIRECTION ON MOUNT 
TAMALPAIS, CAL. 

By ~IERBERT 11. WRIGRT, Assistmt 0I)wrver. 
[Datod: Weather Diwean, Mount Tamalpis, Csl.. F e l ~  15, lOltj.] 

The sunimit of Mount Tamalpais, rising to 3,GOO feet 
above the Pacific. Ocean within L distance of about S 
miles from the shore, possosscs a distinct ndvniitage for 
observational purposes over mniiy ot81ier places t,hitt far 
esc.eed it in height. Owing to its wosiniity to so large 
a water suifacc it is specislly su i tAo for ojmrving aii(1 
studying fog.’ 

Fog may be defined as visihle pa.rt,icles of moisture 
floating in the at.mosphcrc. In the vicinity of Mount 
Tamalpais fog usunllp occurs at an altitnde of from 500 
to 1,000 feet. It, is therefore plainly visible from the 
Weather Bureau observatory iiear tho summit of the 
mountaiu. 

of time during tho suninier months, it occurs to some 
esteiit at  all seasons. Table 1, compiled from records by 
the Weather Bureau on Mount Tamnlpnis, for the six 
years, 1910 to 1915, inclusive, shows tho number of clays 
in each month on which fog was observed in varying 
aniounts below the clemtion of the stntion. It will be 
seen from this table that the greatest percentn.ge of fog 
occurs during tlie summer season. 
TARLB l.-The niindwr of days in  carh ,month on wlrich.foog was ohscrivd 

below the Weather Burtnic station on Xounl Tanialpni8, Ctil., 1910-1915, 
.inel iisios. 

While fog oc.cuis oftener and provnils for longer periods . 

fig. 7.) 
Therefore the following genersl rule, a plying only to 

the mea unclcr discussion, may be stntm! -4 stnt.nr ii.rccL 
pms.i.n;g owr or nmr New Me.ri>co does not wu.aUy CU,W(I 
prcciprta.t.ion sOu.th of its center. 

ho t she r  conclition that frecpnitly produces precipita- 
tion ovor this region is a high-prcssuro a.rea moving soutli- 
eri.stwarc1 to Ihnsas or Olrldioma, preceded by sou thea.st 
or oast winds over this locality. The precipitation is 
generally light, and probably would not, be of importance 
were it  not for the fact that it occurs wlion conditions aro 
strongly indicative of fair weather. When the incoming 
high-pressure area causes a 1txr e fall in t.em erature, 

condit,ions are no more than normal. But usually it 
re uires a prccoding southcast or east wind, which seldom 
fills bo inct-ease tho humidity over the region in uestion. 
Mtny such HIGHS causo overcast skies over sout ’f ienvtsrn 
New Mesiao even when precipitation is absent. 

A composhe niap of fourteen m G m ,  with their attend- 
ant precipitat.ion areas, is hero presented (fig. 9). In  
constructing this map. only such HIGHS as caused precip- 
itation in western Tesns or southeastern Now Mesico wore 
used. HIGHS of this clms often bring about local rain 
in sout;ht?astern New Mesico when the skies are c1ea.r over 
tho contiguous regions. 

prt~.ipitation may occur when t 7 ie prcwding f k i d i t y  
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to produce saturation and no fo appears. This is true 
dung the winter season (ts we1 B (ts the warmer part of 
the ear. An anticyclone over Nevada in wintor usually 
remL in clear, Gold weather for Californin, in contrast 
to the warming effect esperienced in sunimer under a 
similar dist,ribution of pressure. While thoso nort,lioast- 
erly winds are extreniely cold, they tire as a rulc quite 
.free from nioisture and are able to absorb considerable 
watm vapor before becoinino saturnbed. but of courso 
not to the extent that wn fincy iu summer wlinn tho air is 
both dry and warn. 

Table 3 gives rtn idea of t.lie difference in temperature 
and relative humidity during the summer lwtween the 
land nir and the air over the ocean. Point Reyes Light, 
22 miles northwest of Mount Tamdpnis, is 011 a point of 
land extending half a mile or more into tlw P~cifiu, :mil. 
the Weather Bureau station there is on a bluff only 490 
feet above sealevel. The record for Mount Tanidpais 
was made a t  an elevation of npprosiniately half a mile 
(H-3,375 feet). 

Tlie facts (n) that the specific heat of watjer is large, 
(b)  that clear water is deeply enetrnted by solar radin- 

by evaporat-ion, c.ombine to keep water t,eiiiperntmes 
from risin very high.. Hence both rnchtion hg the 

ingly low. The land, on the other hand, is rapidly 
heated and almost 8s rapidly warms the lower layers of 
air by radiation and conduction. Then by subsecpmt 
convection the air is heated to a considernhle alt.it,ude. 
It has been observed that fog is more likely to occur 
when the temperature above 1s higher thwi ut senlevel. 
Also that fog probability varies directlv as the difference 
in temperature between the lower and upper air layers 
increases. 
TABLE 2.-Com arkon of daily ten?. emturea and relative humidities a6 

dlount !!'a?n~$ak aid at Point geyes Light, cal., du.riliy dzigicst, 
1914. 

tion! nnd (e) that much of the F lent absorbed is consumed 

water and a eat conductioii from it are kept correspond- 
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The greatest differences in temperature nnd relative 
humidity between the masses of air in cluest,ion are to 
be found (luring tSlia summer season. Owill- to the 
sliortnass of t,\ie i1ays in winter, tlie land sui4'aces can 
not nbsorl) as much heat as t3hey radiate int'o spnc,e ciur- 
ing the long night,s. This, together with the fw.t that, 
the sun is so far south of the Equator, causing a s~nnll 
nngle of iiioidonc.c t.0 the rays rer.eived, cloes not per- 
niit t,lille Wiirniing of t,ho nir over thc lnnd t.o n.ny great, 
height. In fact., the oc.eti.ii a.ir is iiow w:xrnier thnn the 
air over the Innrl, as will be s ~ ~ i i  hy referring to Talde 3. 

During the summer, when the air over the ocean is 
cooler t,han thnt ovcr the land in t.lie vicinity of Mount, 
T.wnnlpais, the prevniliiig west wind produces a mixing 
of air iiiusses diflerin great,ly in tempera tame. Fog t>hen 

of the air inass or lower. Thus the wind direction, and 
consequently its character? which is deterniinccl by t,he 
clirection, are great fnctorv in the production of fog. 
From May t.o Sept.eiiiber tho familiar ltlncl- nncl sea-hrceze 
prevails. By referring aaaiu to Table 1 it. will he ob- 
servccl tliat it is during tRii period tlint fog is most. fre- 
quent. The sen-breeze begins early in the forenoon niid 
wit,h it conies the fo . It often lasts weJl into the night. 

fails altogctlier. It is then too weak to reverse the act,ion 
of t,he sea-breeze and little if any fog is dissipated durino 
the night. The popular impression is that the win8 
"goes down" late in the evening and the land breeze, 
being so weak, is not, felt. 

TABLE X-C'oni )orison of daily t m  jwutla'cs and rrlntii!e hzc?jt~itlities nt 
dloirjit Tanin&& and nt Poijit 1tfyc.s Light, Cnl., durbig Janii~ry, 
1316. 

forms whcn the rcsu F tmg tsrnperature is at. t'lw clewpoint 

The lalid breeze is t E e weaker of the two ant1 sometimes 
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In observinz the forination of fo,v from Mount Tnmal- 
pais it 1in.s be& noticed that tlie f& often starts it short 

_- clistmcc from the shore and then conies inland. Occa- 
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sionally the fog fornis as far as 20 miles out at sea, in- 
creasin in mounts as i t  comes steadily landward in the 

of different origin from that referred to in the preceding 
parqpphs.  It is due no doubt to the upwelling of rela- 
tively cold water some distance offshore. The ocean 
air, already near the point of saturation, is cooled to its 
dewpoint when it conies in contact with this relatively 
cold water. The fog then formed persists unbroken for 
long periods of time. When the air in which this fog 
float4 is drawn inland to replace the heated air rising over 
the hot int,erior valleys in summer, this fog, already 
forniecl, moves inland with it and does not dissipate 
until the sun literall dries it up from above. The wind 

kind comes inland. 
A marked case of fog fornintion and dissipation with 

relation to the shifting of the wind occurred in December, 
1915. On the 20th the tem ernture nn the mountain 

the thermometer recorded dniost 1 de ree higher than 
the preceding aftenloon. Also consi!fera.ble fog hnd 
formed below at t1.n deration of &out SO0 feet. By 
5 p. m. the temperature had risen to 54"F., and condi- 
tions resembled those usually present during the summer 

est fog prevalence below. months, the 
Early the fo owing morning the wind changed to the 
northeast, and by mid :tfternoon the fog had dissipated. 
At 5 a. m. the nest day, Deceniher 22, it. wtts observed 
that some fog hn.d formed during the night. The tem- 
perature here w:xs 53OF., whilo iit Sitii Frtiiicisco, 14 
miles southesst of here. it was 5 O O F .  The wind during 
the night, nnd up to 7 n'c1oc.k in t8ho morning wns fruni 
the north, when it vccrtd to the nort1ie:tst. By 5:30 
n. m. the fog below had dim pearecl. ?%e tenixnturo 

aftenloon, nnd wa~s 57°F. at 5 p. ni. At San Francisco 
the temperat,ure at 5 p. m. was 60"F., and had been tis 
high as 64°F. in the middle of the day. No fog fornied 
during that day. Soon nfter noon the wind hacked to 
the northwest and continued from that qundrmt until 
\I a. m. of the 23d. At 5 o'clock that morning t,he teni- 
perature on the mounttiin, which represents the temper- 
ature of the upper air, was 56"F., equal to tenipera.tures 
on many mornings in the r i d d l e  of sunimer. At, Snn 
Francisco the tempomtiire nt tho snnie time wtw 51°F. 
About half the surroundin country was corered with 
fog. l'he wind swung bo t % e northenst nt 9 a. ni., re- 
maining there till 1 p. m., when it backed to the north. 
The fog cleared away before noon. T h e  wenther re- 
mained warm throughout the day, the wind continuing 
light from the north until 4 a. ni. of December 24, when 
it veered to the northenst, remaining there until 11 n. m. 
Very little fo fornied durin the night. At 5 o'clock 

Francisco it was 10 degrees lower. By 3 p. m. R fog bank 
could he seen about 20 miles out on the ocean, moving 
landward. Signs of the wind ba.clriiig to tho northwwt 
were noticed at 3:30 p. ni. By 5:31 it had gone to the 
northwest, aid  by 7 p. 111. the direction wa.s west. N.r;o 
by 5 p. ni. the fog had reached the shore and in nnother 
hour completely c(:ivored the ocean and h i d  to the south 
niid southeast of Mount, Tnmnlpais. The t,emperatura fell 
during the night of the a-lth, being 49°F.. at 5 n. m. of 
the 25th. At S:tn Il'rmvisco it was I degree warmer. 
Simultnneously with the return to normal winter tern- 
peratnres, i. e., warmer at, sealevel t1in.n n.t higher nlti- 
tildes, the fog began to dissipt1.t.e and was gone by mid- 
dternoon.. 

forni o B a. high bank or wall. This forniation is probably 

direction naturally (9 eterniines whether or not fog of this 

began to rise slowly. The fol Q owing morning at  5 o'clock 

T O d  Of gre 

continued to rise, nnd rnnche l 59°F. in the nlidd I e of the 

that morning t a 8 tenipersture K iere wns 54"F., while at San 

The foregoing case hears out tho hgpot.licsis that t.hc 
ten1 erature of the upper air must, he higher t,han that of 
t,he P ower t.o produc.e proper contlit.inns for fog foimation, 
nurl also shows t,be part the dircct,ion of t.hc wind platys 
with regard to fog formntion aud &sip* d t)' 1011. 

ON THE SO-CALLED CHANGE IN EUROPEAN CLIMATE 
DURING HISTORIC T1MES.I 

By 11. 11. ~IILIIEB~ANDSSON 

(Presentad to the Royal Society of Sciences of I ~ p 4 a .  Nor. 5,1015.1 

INI'RODUCYI'ION. 

I t  is n weLl-esta,hlished fact. that cliiiiate hiis undergoiie 
very great changes in a.U t,he 1;inds of t.he world iluriug 
thosc. clist,nnt tiiiies with which grolngist,s are concernctl. 
Even during the relntjiwly sliort period tliat hns cln >sod 
since t.ho cnd of t.he glricid ~hpicli it  hiis hecn possib f e t.o 
verify quit.@ considcrahle vnniit,ions hi the Sc:indinnviiui 
countries. For esctniple. it  is well est nhlishtrtl t h t  sinw 
t,he 1 'ad cpoch the climate of Swcdc.n was n t  one t,inio 
muc fl .zcl warmer t,lian it, is to-(lay. In the pc:it--hoga hnw 
boeii found 1iatzelnut.s or fi1bert.s (I  'orylrrs awlZmn.) ns fnr 
as Lnplancl, the T m p  n.atcms occurreil in the lakes of 
Sweden u t,o the Iiitltude of U p ~ d ~ t ,  : ~ l d  st.iiIilps of pine 

ent liinit,s of t.he birches, et.c. These c!i:iatt.ic vnriations 
are esplnined by t.he gretit chniiges in diatrilmt.imi of land 
ant1 sen. I t  is clear that, thc diiiintc? iiiiist liavc bwi  
i i h r  t h n  ns it. is :it, prclsc?ntj ~ - h c w  t,hc Uii.lt,i(l occ.:ipie!tl 
t.he grrzit,er >(.irI,ion cif soiit.hrrii S~vedtw, miJ th:it. ii niust. 
litivc been c 1 ifferent. wlirii t,liis grrat. I i ~ l i ~  I V ~ Y  iillpcl with 
fwsh wnter tliiaii it. \vats ai. t.111. ! i i . 1 1 ~  w\.hci: I t  forlaad ti d f  
nf t,he si~n filled wit.h snlt water. Arc.l-iso'logiut,s find ha!. 
t,he pcniusuln has hrtd nlniost, the smie cnnst. line--escept~ 
t.he const,? of Norrlniitl-since t,lie beginning of t.hc Iroii 
Age, t,lint. is, at, n period rstmimntrrcl 11s preceding our own 
bv 2,500 years. Sincr t,hnta epocli t,lirrc+ 11:~s hecw no nota- 
ble chnnp in the (-1ist.ribut~lon of 1.uitl niiil \vat ci'. It. 
reinnilis t.ci tletermine d i i ? t . h ~  t h  crli:ii:it.c ha.s uiii1e:gtiiie 
:t chnngc during this >criotl, i. e.? historic times. 

This question has b een the subject of lively discussion 
for a long time mid in recent yews it lica hocnmn sonie- 
w1in.t ncute. p:wt.icul:wlp through thc rocelit, rpscil.rclios 
of 0. Pettersson. He seeks to prorc t,h:tt our c~1inint.e 1111- 
dergoes n scculnr vitriation o€ &out 1s imturies, due to n 
corres 011din~ \Tiiriation in the heat, given out 1)y the sun. 
This ttcory gas c d e d  forth othcr researches concerning 
whirh we shndl speak below. 

Here I shnll endeavor to presont tho results a.rrived at 
by n study of the question. We s1i:tll not consider ncci- 
dental or periodic vziat.ions whirh w e  well recognized 
and esist ever-ywhere. In  every country there are years, 
wen series of years, which am warni or : d d .  dry or moist, 
etc.., and severnl more or less rcgulatr poriocls have heen 
shown to esist, such M thtit of Briickner, thst of solar 
spots and other shorter m e a  recontly stiidied by WnllBn. 
In. thc pre.wn.t stisdy *itv 8ltrr.ll rrwlcawr to h t e m  iiic wh.t*tli.w 
or iiot t h . m  has been. n co,itiii:uous cliceiigc .f'n c%,ima..fc i.n oiic  
direction d,iii*iiig historic timrs: i.,i  oilirr word.s? w h t Y 7 i . t ~  the. 
climate of' Eisrope i.s ini irovi~ig or rk . t r r inra .~ i~ i~ .  

The question wonld b . e  ansily nnswerecl if we had ron- 
tiiiuous ineteorologicnl ohsermticins froiii sovcrd vcii- 
turies hack down to the present,. Rut ereii thc inveil- 
t,ioii of meteorological instiiimonts gons back s(:tircc!Iy 

trees are P ound in the Scnndinnvian AI s up to tho pres- 

. -. .. .- 
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